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Methods and Results Fifty consecutive patients with APs in the posteroseptal region underwent radiofrequency catheter ablation. Manifest preexcitation was present in 36 patients and a concealed AP in 14. In 18 patients (group 1), the ventriculoatrial (VA) interval during orthodromic tachycardia was prolonged by 21±7 milliseconds (range, 10 to 30 milliseconds) with functional left bundle-branch block. In 16 patients (group 2), functional left bundle-branch block caused no VA interval prolongation. The remaining 16 patients (group 3) had no inducible left bundle-branch block during orthodromic tachycardia. Functional right bundle-branch block was induced in 30 patients with no effect on the VA interval. In group 1, of 14 patients with manifest preexcitation during sinus rhythm, 10 patients had a positive delta wave in lead V1. Of 10 group 2 patients with manifest preexcitation, only 5 had a positive delta wave in lead V,. In group 3, of 12 patients with manifest preexcitation, 7 exhibited a positive delta wave in lead V,. All posteroseptal APs were successfully ablated, and this was achieved via a right atrial approach in 48 patients and left ventricular approach in only 2. Successful sites were at the posteroseptal region of the tricuspid annulus (30 patients), within the terminal 1 cm of the coronary sinus including its ostium (16 patients) , and at the inferomedial aspect of the right atrium posterior to the coronary sinus ostium (2 patients). The posteroseptal region of the left ventricle was the site of successful ablation in 2 patients. Six patients with a recurrence of AP conduction required a repeat ablation, with successful results in 5. Thirty-five patients had a complete electrophysiological evaluation 2 to 3 months after their successful ablation and were found to have no functioning AP. In 49 patients with a final successful ablation, no recurrence of symptoms was noted during a mean follow-up period of 12±9 months. Complications occurring in 3 patients were cardiac tamponade requiring surgical drainage and repair of a right ventricular tear, pericardial effusion with no hemodynamic consequence that spontaneously resolved, and a transient 2:1 atrioventricular block.
Conclusions These data suggest that posteroseptal APs are amenable to successful ablation using a right atrial approach. Success was achieved in 47 cases (94%) in this series even though the ECG and/or electrophysiological characteristics of the posteroseptal APs of some patients were suggestive of "left-sided" pathways. (Circulation. 1994; 90:1799 -1810 Key Words * posteroseptal accessory pathways * catheter ablation * radiofrequency P osteroseptal accessory pathways (APs) are anomalous atrioventricular (AV) fibers that are anatomically located in the region of the AV sulcus between the posterosuperior process of the left ventricle and the inferior wall of the right atrium. Because of the anatomic complexity of the posteroseptal region, the ablation of APs situated in this area has posed a challenge to both surgeons and electrophysiologists. The first surgical intervention in patients with WolffParkinson-White syndrome was performed in 1968.1 Due to the close proximity of the posteroseptal region to the AV node and its artery, initial attempts at a surgical interruption of posteroseptal APs were associated with a low success rate and a high incidence of complete AV block. 2 However, modification of the endocardial approach3 and introduction of the epicar-mean age of 35 years (range, 8 to 76 years). Structural heart disease was documented in 6 patients who had coronary artery disease, and 1 of these 6 patients had a prior myocardial infarction; mild to moderate Ebstein's anomaly was present in 5 patients.
Baseline Electrophysiological Study
Before catheter ablation, each patient underwent a complete electrophysiological evaluation that was performed in a postabsorptive state after informed consent was obtained. All antiarrhythmic medications had been discontinued for at least five half-lives before the study. The ablation protocol was approved by the In cases where orthodromic tachycardia could not be induced or sustained at baseline, isoproterenol was infused and titrated to achieve a minimum of a 20% increase in heart rate. In patients requiring isoproterenol, all electrophysiological parameters (before and after ablation) were measured again during the isoproterenol infusion. Intravenous heparin was administered at an initial dose of 3000 U at the onset of the procedure. When a left heart catheterization was performed, a continuous heparin infusion was instituted to maintain the activated clotting time at twice baseline.
Mapping and Ablative Procedures
Once the initial electrophysiological assessment localized the AP in the posteroseptal region, a 7F deflectable quadripolar catheter with a 4-mm bulbous tip electrode (Mansfield Scientific) was introduced via the right femoral vein for precise mapping along the posterior aspect of the interatrial septum and the coronary sinus ostium. In 300 to 45°right and left anterior oblique radiographic views, the septal annulus of the tricuspid valve, extending from the coronary sinus ostium to the His bundle recording site, was divided into posteroseptal, midseptal, and anterior regions (Fig 1) .
In 11 patients whose AP characteristics were suggestive of left-sided locations, another 7F deflectable quadripolar catheter with a large-tip electrode was inserted in the left side using a transseptal or transaortic approach. The latter catheter was used to map the posterior paraseptal and posteroseptal regions of the left atrium, left ventricle, or both and to compare the earliest electrograms obtained from the right and left sides of the septum. Once the AP location was confirmed to be in the posteroseptal region, the ablation was attempted from the atrial aspect of the tricuspid annulus adjacent to the coronary sinus ostium, or within the coronary sinus ostium if deemed necessary. Radiofrequency current was delivered between the distal, large-tip electrode of the ablation catheter and an external adhesive patch electrode In group 2, 10 patients had manifest preexcitation during sinus rhythm with the delta wave in lead V, being positive in 5 patients, biphasic in 3 patients, and negative in 2. The QRS complex in lead V1 exhibited R=S in 1 patient, R<S in 3 patients, rS in 4, and QS in 2. In the inferior leads, the delta wave was negative in leads II (8 patients), III (10 patients), and aVF (10 patients) and positive in lead II (2 patients).
In group 3, 12 patients had manifest preexcitation with the delta wave being positive in 7 patients, biphasic in 2, and negative in 3. The QRS complex in lead V, exhibited a uniphasic R wave in 1 patient, R>S in 2, R=S in 1, R<S in 1, rs in 4, qrS in 1, and QS in 2. In the inferior leads, the delta wave polarity was negative in leads II (7 patients), III (11 patients), and aVF (9 patients); biphasic in leads 11 (1 patient), III (1 patient), and aVF (2 patients); and positive in leads II (4 patients) and aVF (1 patient).
For group 1, in 10 patients (1 through 10) with a positive delta wave in lead V,, the left atrium was entered using a transaortic (8 patients) or transseptal (2 patients) approach for mapping the earliest atrial and ventricular activations via the AP recorded at the atrial aspect of the mitral annulus ( Table 2 ). The earliest ventricular activation recorded at the mitral annulus was 5 to 25 milliseconds (mean, 16±7 milliseconds) later than the delta wave, and the earliest retrograde atrial activation was 5 to 20 milliseconds (mean, 14±6 milliseconds) later than that recorded in the proximal coronary sinus electrograms in these 10 patients. In 7 of these 10 patients, the posteroseptal region of the left ventricle was mapped via a transaortic approach, and the earliest ventricular activation was found to occur simultaneously with that recorded on the right side using an atrial approach (Fig 3) . The site of successful ablation (Fig 4) was within 1 cm of the terminal coronary sinus (3 patients), at the coronary sinus ostium (2 patients), at the inferomedial aspect of the right atrium posterior to the coronary sinus ostium (2 patients), or at the posteroseptal aspect of the tricuspid annulus (2 patients). In the remaining patient (patient 9) during right-sided mapping, the earliest atrial and ventricular activations were both recorded within the terminal 1 cm of the coronary sinus. Radiofrequency current was delivered at the earliest site of activation within the coronary sinus on five occasions. Although each attempt was associated with a temporary loss of the delta wave, radiofrequency energy could not be continuously delivered beyond 12 seconds at any time because of the impedance rise. The posteroseptal region of the left ventricle adjacent to the AV junction was, therefore, mapped using a transaortic approach, which showed the local ventricular activation being 20 milliseconds earlier than the delta wave. A single radiofrequency pulse delivered at that region successfully abolished the AP conduction.
In the remaining 8 (group 1) patients, mapping was only performed on the right side. The APs were successfully ablated at the coronary sinus ostium (4 patients) and at the posteroseptal region of the tricuspid annulus (4 patients).
Successful AP ablation using a venous approach was accomplished via the femoral vein (12 patients) or the A:V indicates atrial deflection to ventricular deflection; Aac-Acs, the interval between atrial activation in the ablation catheter and reference coronary sinus during retrograde conduction over the accessory pathway; ACd-Delta, the interval between ventricular activation recorded at the site of ablation and the onset of the delta wave; CS-OS, coronary sinus ostium; CSp-Delta, the interval between ventricular activation in the reference coronary sinus electrogram and the delta wave; CS-TERM; terminal one centimeter of the coronary sinus; FLBBB; functional left bundle-branch block; IM-RA, inferomedial aspect of the right atrium; NA, not applicable; OT-CL, orthodromic tachycardia cycle length; PS-LV, posteroseptal aspect of the left ventricle; PS-TA, posteroseptal aspect of the tricuspid annulus; RF, radiofrequency; UK, unknown; and VAT ventriculoatrial interval prolongation in response to functional left bundle-branch block.
*One lesion was made on the left side and the remaining pulses were delivered on the right side. tDuration of energy application of successful pulse.
tisoproterenol infusion needed for sustained tachycardia. For group 3, the APs were successfully ablated in the posteroseptal region of the tricuspid annulus in 12 patients and at the coronary sinus ostium in 3. In the remaining patient (patient 40), the earliest ventricular activation was recorded within the terminal coronary sinus. The ablative attempts made at the posteroseptal tricuspid annulus and the coronary sinus ostium failed to eliminate the AP conduction. Because the placement of the diagnostic catheter inside the coronary sinus was technically difficult and time consuming and to avoid excessive radiation, insertion of an ablation catheter within the terminal coronary sinus was considered only as a last resort. Therefore, mapping of the posteroseptal region of the left ventricle adjacent to the AV junction was performed instead, which showed that ventricular activation via the AP was as early as that in the reference Thirty-five patients underwent a late follow-up electrophysiological evaluation 2 to 3 months after the final successful ablation and were found to have no conduction over the AP or inducible supraventricular tachycardia. In addition, 4 patients with a unidirectional AP only capable of antegrade conduction had a 6-to 8-week follow-up 12-lead ECG, which revealed a normal sinus rhythm, PR interval, and QRS duration. , and coronary sinus (CS). The ablation catheter (AC) is shown at the successful sites, which are the posteroseptal aspect of the tricuspid annulus (facing page, top), the coronary sinus ostium (facing page, bottom), and the inferomedial aspect of the right atrium posterior to the coronary sinus ostium (above). Note that the AC is introduced to the targeted areas using a femoral vein (facing page, top; above) or right internal jugular vein (facing page, bottom). quency delivery to the coronary sinus ostium. A 1:1 AV conduction over the normal pathway spontaneously returned within 10 minutes of ablation. Two patients developed pericardial effusions. This was of no hemodynamic significance in 1 patient (patient 8) whose serial echocardiographic studies over several weeks showed a complete resolution of the effusion. The source of pericardial effusion in this patient was believed to be the coronary sinus in which several radiofrequency currents were applied. The (patient 4) developed echocardiographic and hemodynamic signs of cardiac tamponade shortly after successful ablation. Because of a rapid pericardial fluid reaccumulation, she underwent surgical drainage and was found to have a small tear at the right ventricular apex, which was successfully repaired. Echocardiographic examination of the remaining 48 patients performed 24 to 48 hours after ablation revealed no newly developed abnormalities related to the ablation procedure.
Discussion
All posteroseptal APs in this series were initially targeted for ablation using a venous approach. This approach was effective in the vast majority (94%) of patients. The successful sites (Fig 5) were at the posteroseptal region of the tricuspid annulus (30 patients), at the terminal portion of the coronary sinus including its ostium (15 patients) , and at the inferomedial aspect of the right atrium posterior to the coronary sinus ostium (2 patients). The posteroseptal region of the left ventricle was the site of successful ablation in only 2 patients.
Tricuspid
The results of this study suggest that the vast majority of valve posteroseptal APs can be successfully ablated using a right atrial approach even though the delta wave polarity on the ECG or the VA prolongation during orthodromic tachycardia with functional left bundle-branch ,oseptal block indicates a left ventricular insertion site. tricuspid annulus FIG 5 . Sites of successful ablation using a venous approach. This schema is a cranial view of a cross section of the heart at the atrioventricular junction. The sites of successful ablation were the posteroseptal aspect of the tricuspid annulus (30 patients), the terminal 1 cm of the coronary sinus (4 patients), the coronary sinus ostium (12 patients), and the inferomedial aspect of the right atrium (2 patients).
Anatomic Considerations
Anatomically, the posteroseptal area of the heart corresponds to a region known as the crux. 
Study Limitations
First, functional left bundle-branch block was not induced in any of the group 3 patients. Some of these patients would have been included in group 1 or group 2 if this type of aberrancy had been demonstrated. Therefore, the number of patients included in groups 1 and 2 might not have reflected the true ratio of patients with "right-sided" and "left-sided" posteroseptal APs in a series of consecutive patients. Second, in 38 patients, >1 radiofrequency pulse (mean, 8±6 pulses) was delivered. Although the last ablation site that led to complete abolition of AP conduction was considered as a successful site, it is conceivable that some (if not all) of these 38 patients had a broad band of AP fibers in the posteroseptal region, which necessitated the radiofrequency energy delivery at multiple adjacent sites. Third, coronary sinus venography was not performed in any of these patients. It is possible that in those patients requiring radiofrequency delivery within the terminal coronary sinus for successful results, the ablation catheter tip was, indeed, inside a branch (eg, middle cardiac vein) or diverticulum of the coronary sinus. Although the knowledge of detailed coronary sinus anatomy in these cases might have been useful for a precise determination of the site of AP ablation, successful results were achieved in the absence of such an intervention. Finally, the mapping data obtained from the atrial aspect of the mitral annulus did not support a left atrio-left ventricular connection in any of the 10 group 1 patients undergoing such detailed mapping. Nevertheless, due to the relatively small sample size in this series, the existence of posteroseptal APs confined to the left atrioleft ventricular region cannot be entirely excluded.
Clinical Implications
Based on the results of this study, several issues may be worthy of mention. It seems advisable to make an effort to induce functional bundle-branch block during orthodromic tachycardia and analyze the effect of such aberrancy on the VA interval. Any prolongation of the VA interval in response to right bundle-branch block strongly argues against a posteroseptal location of the AP. On the other hand, lengthening of the VA interval by c30 milliseconds in response to left bundle-branch block is compatible with a posteroseptal AP location. Depending on delta polarity, the R/S ratio in lead V1, and the magnitude of VA interval prolongation in response to functional bundle-branch block, the initial mapping and ablation attempts can be focused on certain regions. For example, the posteroseptal aspect of the tricuspid annulus may be targeted first when the delta wave is negative or the R/S ratio is <1 in the ECG lead V, and when there is no VA interval prolongation in response to functional left bundle-branch block during orthodromic tachycardia. If 
